MAGNETO -OPTICAL DISK AND RECORDING AND/OR REPRODUCING 
METHOD AND RECORDING AND /OR REPRODUCING APPARATUS USING 

THE MAGNETO-OPTICAL DISK 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a magneto- 
optical disk, a recording method for recording 
information on a magneto -optical disk, and an information 
10 reproducing method for reproducing information from a 
magne to - op t i cal di s k . 

The recording method and the reproducing 
method will be referred to overall as a recording and/or 
reproduction method. 
15 2. Description of the Related Art 

In recent years , along with the increase in 
volume of information, the recording capacity of optical 
disks has risen and great advancements have been made in 
digital information processing technology. In digital 
20 versatile disks (DVDs) , MPEG2 compression technique has 
been employed - making it possible to record two to four 
hours of video on one disk. There is no deterioration in 
quality due to copying of the data in the digital video, 
therefore when illegal copies are made, high quality 
25 copies are illegally produced and the copyright of the 



video is seriously infringed. 

For this reason, in DVDs, a different media 
ID (disk discrimination information) is recorded for 
every disk. Namely, the copyright is protected by 
5 managing the disk discrimination information in the 
recording and reproducing apparatus used to restrict 
illegal copying and restrict reproduction of illegally 
copied data. 

The above-mentioned method of recording the 
10 disk discrimination information is disclosed in Japanese 
Unexamined Patent Pxiblication (Kokai) No. 11-162031, 
Japanese Unexamined Patent Publication (Kokai) No. 2000- 
222783, Japanese Patent No. 3224380, Japanese Patent No. 
2771462, etc. 

15 In the method disclosed in Japanese 

Unexamined Patent Pxablication (Kokai) No. 11-162031, 
Japanese Unexamined Patent Publication (Kokai) No. 2000- 
222783, and Japanese Patent No. 3224380, the disk 
discrimination information is recorded by forming a 

20 stripe-like mark array referred to as a "burst cutting 
area (BCA) " or a post cutting area (PCA) " at an inner 
circumference side of the disk. 

Japanese Unexamined Patent Publication 
(Kokai) No. 11-162031 discloses to provide a first 

25 recording region and a second recording region on a 



magnetic film of an optical disk, form a plurality of 
marks having a magnetic anisotropy smaller than the 
magnetic anisotropy of the first recording region in a 
vertical direction to a film surface in the second 
5 recording region, and thereby record additional 

information. In the DVD, the length of the stripe-shaped 
marks of the BCA is set to 1.3 mm in a disk radial 
direction. The magnetic film of the mark portion (BCA 
portion) changes in magnetization state due to the 

10 deterioration of the anisotropy of the magnetic film by 
exposure to a laser beam or reaching the Curie 
temperature or more. 

When reproducing a signal from the BCA formed 
in this way, a laser beam is focused on the area, the 

15 reflected light is divided into two polarization 

components perpendicular to each other, and an electrical 
signal corresponding to the magnetization state is 
extracted from the difference of the intensities 
(differential detection) . The change of the polarization 

20 plane of the laser beam striking the magnetic film at the 
mark portion (Kerr rotation angle) becomes smaller than 
the Kerr rotation angle of the laser beam striking the 
magnetic film at a portion other than the mark. 
Accordingly, additional information is reproduced by the 

25 differential detection. 



•0 • 

Japanese Unexajnlned Patent Publication 
(Kokai) No. 2000-222783 discloses an optical disk having 
a first recording region, a second recording region, and 
a guard band region. In the first recording region, the 
5 data is recorded by a pattern of pits. In the second 

region, the disk discrimination information is recorded 
as a barcode -like mark (PCA) . The guard band region is 
provided between the first recording region and the 
second recording region. At least the address is recorded 

10 in the guard band region. 

The PCA of Japanese Unexamined Patent 
Publication (Kokai) No. 2000-222783 is formed focusing a 
laser beam on a reflection film of the optical disk 
constituted by an aluminum layer for laser trimming to 

15 thereby foam non-reflection portions or a low reflection 
portions. In the optical disk of Japanese Unexamined 
Patent Publication (Kokai) No. 2000-222783, both of the 
data recorded in the first recording region and the disk 
discrimination information recorded in the second 

20 recording region are reproduced by detecting the change 
of the reflection ratio. 

The guard band region of the optical disk of 
Japanese Unexamined Patent Publication (Kokai) No. 2000- 
222783 is preferably provided with a width of at least 

25 300 /xm. This is set as a width larger than a single jump 
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of the optical head as shown in Japanese Unexamined 
Patent Publication (Kokai) No. 2000-222783. Further, as 
shown in Japanese Unexamined Patent Publication (Kokai) 
No- 2000-222783, control data indicating physical 
5 attributes of the optical disk is preferably recorded in 
the first recording region. When the optical head skips 
over the control data region from the disk outer 
circumference side to access the PCA region, however, 
control of the optical head becomes impossible. In order 

10 to prevent this, the optical disk of Japanese Unexamined 
Patent Publication (Kokai) No. 2000-222783 is provided 
with the guard band region. 

Japanese Patent No. 3224380 discloses a 
method of recording media discrimination information on 

15 optical recording media having a main recording region 
and a sub recording region. According to this method, a 
light beam is made to scan a read-in area of the sub 
recording region to record the media discrimination 
information. The read-in area is preferably provided in a 

20 range of a radius 22.3 mm to 23.5 mm of an optical disk 
having a diameter of about 120 mm. The BCA of this 
optical disk is left in an amorphous state in stripe 
shapes or is left in a crystalline state in stripe shapes. 
The media discrimation information is recorded by 

25 changing the reflection ratio. 



As descrdLbed above, in Japanese Unexamined 
Patent Publication (Kokai) No. 11-162031, Japanese 
Unexamined Patent Publication (Kokai) No. 2000-222783, 
and Japanese Patent No. 3224380, the BCA (or PCA) is 
5 formed at the disk inner circumference side. 

On the other hand, Japanese Patent No. 
2771462 discloses a method of recording the disk 
discrimination information by applying a magnetic field 
and focusing a laser beam having a higher power than the 

10 case of forming a rewritable mark to form marks with 
magnetization directions irreversibly changed. In 
Japanese Patent No. 2771462, the position for recording 
the disk discrimination infoirmation is not limited to the 
disk inner circumference. 

15 If a higher storage density optical disk can 

be realized, it will become possible to use a disk having 
a small- sized diameter for a portable mobile electronic 
device so as to record a moving picture. For portable 
mobile electronic device applications, a DVD-RAM disk 

20 having a diameter of 80 mm is proposed. In reducing the 

size of moving picture cameras etc. , disks having further 
smaller diameters are desired. 

As an existing small-sized disk, the MiniDisc 
(MD) having a diameter of 64 mm can be mentioned. The 

25 MiniDisc is a magneto -optical disk magnetically recorded 
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with information in a main recording region and 
reproduced by differential detection. A magneto-optical 
disk such as a MiniDisc has the advantage that the number 
of possible rewrites is much larger in comparison with a 
5 phase-change type disk like a DVD and also the advantage 
that an increase of the recording capacity is possible by 
employing a xoagnetically induced super resolution (MSR) 
reproduction system . 

Since the MiniDisc has a small-sized diameter, 

10 it is suitable for portable mobile electronic device 
applications. From mainly the viewpoint of the 
convenience of the user, the next generation of large 
recording capacity disk recording and reproducing 
apparatuses will desirably also be able to record and 

15 reproduce existing disks. Accordingly, a magneto -optical 
disk having compatibility with the MiniDisc is a leading 
candidate as the next generation small-sized disk able to 
record and reproduce moving pictures. 

The existing MiniDisc cannot record and 

20 reproduce disk discrimination information, so illegal 
copying cannot be prevented. Accordingly, in next 
generation small-sized disks, it is desirable to be able 
to prohibit illegal copying on the disk side by utilizing 
disk discrimination information. However, recording and 

25 reproducing disk discrimination information by forming a 



BCA a-b "bhe Inner circumference of a disk by "bhe above 
conventional method or controlling recording and/or 
reproduction for preventing Illegal copying based on the 
disk discrimination information would be difficult for a 
5 small-sized disk having a diameter of for example about 
64 mm. 

When recording disk discrdLmlnation 
information by the conventional method, the recording and 
reproducing characteristics of the user data in the main 

10 recording region (first recording region) and the 

recording and reproducing characteristics of the disk 
discrimination information in the sub recording region 
(second recording region) are degraded for the reasons 
mentioned later when the disk is reduced in size. 

15 If reducing the area of the main recording 

region, such degradation of the recording and reproducing 
characteristics can be prevented, but in a disk having 
the small-sized diameter, it is particularly important to 
secure a sufficient recording capacity in the limited 

20 recording region. If tocying to Improve the recording and 
reproducing characteristics in the main recording region 
and the sub recording region, it no longer becomes 
possible to achieve the recording capacity required for 
the recording and reproduction of a moving picture. 

25 As one of the factors degrading the recording 



and reproducing characteristics of 'the main recording 
region, -bhere can be mentioned the fact that the BCA is 
actually formed meandering on a rough circle. 

FIG. 7 is a schematic view of a BCA. The 
5 ring-like region between a broken line a and a broken 

line b is a sub recording region 101. The BCA is the mark 
array comprised of a plurality of marks 102 long in the 
disk radial direction arranged in stripe shapes (barcode 
shape) along the circumferential direction of the disk. A 

10 length L of the BCA in the circumferential direction of 
the disk is not limited to that of the example of FX6. 7 
and can be changed in accordance with the disk 
discrimination information to be recorded. 

FIG. 8 is a schematic view enlarging part of 

15 FIG. 7 and shows the circumferential direction of the 
disk (disk rotation direction) on a straight line 
perpendicular to the disk radial direction. The upper 
side of FIG. 8 corresponds to the disk outer 
circumference side of FIG. 7. In FIG. 8, the band-like 

20 region between the straight line a and the straight line 
b is the sub recording region 101. Further, the mark 
array of the BCA is formed in the band-like region 
between a curve c and a curve d (hereinafter referred to 
as a "BCA region 103") . Namely, a plurality of marks 102 

25 of FIG. 7 are formed in the BCA region 103. 



According to Japanese Unexamined Paten'b 
Publica'bion (Kokai) No. 11-162031 and Japanese Paten't No. 
3224380, as shown in FIG. 8, a main recording region 104 
is formed on the disk outer circumference side of the sub 
5 recording region 101 so as to be adjacent to the sub 
recording region 101. Note that, in the technology 
disclosed in Japanese Unexamined Patent Publication 
(Kokai) No. 2000-222783, the guard band region is formed 
on the disk outer circumference side of the sub recording 
10 region 101 so as to be adjacent to the sub recording 
region 101 . 

As shown in FIG. 7, the mark array of the BCA 
is formed roughly on a circle, but when finely viewing 
this, it meanders as shown in FIG. 8. As the factor of 

15 such meandering, eccentricity of the disk itself can be 
mentioned. Also, the precision of the disk fixing jig 
used at the time of forming the marks of the BCA exerts 
an influence upon the meandering (wobbling) . 

As disclosed in Japanese Patent No. 3224380, 

20 the marks of the BCA are formed by rotating the disk and 
focusing a pulse-like laser beam on the disk. If focusing 
the laser beam on the disk in a state where only a focus 
servo is applied, the focus can be made to track surface 
wobbling of the disk accompanying rotation of the disk, 

25 but the offset of the beam position in the disk radial 



direction cannot be solved. Accordingly, in actuality, 
the mark array is not correctly formed on a circle and 
meanders . 

In general, in the BCA, the length in the 
5 disk radial direction (distance between the curve c and 
the curve d) is set to be more than the width of the sub 
recording region 101 (distance between the straight line 
a and the straight line b) so that the recording and 
reproducing characteristics of the disk discrimination 

10 information are guaranteed on the sub recording region 
101. Mien the amplitude of the meandering of the mark 
array is large there is a part at which the suh recording 
region 101 and the BCA region 103 do not overlap (a 
circled portion A in FIG. 8) , that is, a part in which 

15 the disk discrimination information is not recorded in 
the sub recording region 101, the recording and 
reproducing characteristics of the disk discrimination 
information cannot be secured. 

In order to prevent this, as shown in FIG. 9, 

20 the superimposed margin of the BCA region 103 in the disk 
radial direction may be made larger. In this case, 
however, the disk discrimination information interferes 
with the main recording region 104 adjacent to the sub 
recording region 101 (refer to the circled portion B of 

25 FIG. 9) . 
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In the case of a magneto-optical disk like a 
MiniDisc in which the information recorded in the main 
recording region is reproduced by differential detection, 
when the BCA disclosed in Japanese Unexamined Patent 
5 Publication (Kokai) No. 11-162031 is formed, both of the 
recording information of the main recording region and 
the disk discrimination information will be reproduced by 
the differential detection. Accordingly, the disk 
discrimination information signal is overlappingly 

10 recorded in the main recording region 104. At the portion 
B in which these signals interfere, the recording and 
. reproduction of the main recording region cannot be 
carried out, so the recording capacity of the magneto- 
optical disk is lowered. 

15 If providing a space between the sub 

recording region 101 and the main recording region 104 in 
order to avoid interference of the disk discrimination 
information with the main recording region 104, the area 
of the main recording region 104 is reduced. This is 

20 disadvantageous for increasing the recording capacity. 
Slight meandering of the mark array of the BCA and 
securing the region for avoiding the influence thereof do 
not become problems in a disk having a relatively large- 
sized diameter with an extra margin of space. In a small- 

25 sized diameter disk, however, the reduction of the 
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recording capaci'by due 'bhe provision of the space 
unable t,o be recorded wi1:h information becomes a serious 
problem . 

It can also be considered to make the length 
5 of the BCA region 103 in the disk radial direction 
shorter to secure the recording capacity of the main 
recording region 104. However, disk discrimination 
information is usually reproduced in a tracking servo OFF 
state (tracking off) , so if the length of the BCA region 

10 103 in the disk radial direction is shortened, the 

positioning precision between the magneto -optical disk 
and the disk recording and reproducing apparatus will 
become insufficient and it will no longer be possible to 
correctly reproduce the disk discrimination information. 

15 Accordingly, there is a limit to securing the recording 
capacity by making the length of the BCA in the disk 
radial direction shorter. 

Therefore, it can be considered to record the 
disk discrimination information while being overlapped on 

20 at least one part of the other information, and secure 
the recording capacity of the main recording region. 
Japanese Unexamined Patent Publication (Kokai) No. 2000- 
222783 shows that signal reproduction of the PCA recorded 
overlapped with pits of the read-in data region is 

25 possible. However, the PCA signal is a modulation signal 
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of "the reflection ratio, so when the signal based on the 
pits and the PCA signal become the same in pulse width 
under certain conditions, the two cannot be discriminated. 
Further, Japanese Patent No. 3224380 
5 discloses to record position information etc. concerning 
the main information in the suh recording region by the 
pits and record the BCA overlapped at part of the pits. 
However, the BCA of Japanese Patent No. 3224380 is a 
portion changed in the reflection ratio, so reproduction 
10 of a signal recorded by the pits of the portion where the 
BCA overlaps is difficult in the same way as the case of 
the optical disk disclosed in Japanese Unexamined Patent 
Publication (Kokai) No. 2000-222783. 

As described above, according to the 
15 conventional known methods, it is difficult to reproduce 
other information recorded overlapped with disk 
discrimination information. 

On the other hand, the method of reproducing 
the disk discrimination information in the tracking servo 
20 ON state (tracking on) and making the optical head track 
meandering of the BCA can be considered. In this case, 
the overlapping margin of the BCA region 103 with the 
main recording region 104 can be reduced, so there is a 
possibility that the disk can be enlarged in recording 
25 capacity. However, as disclosed in Japanese Unexamined 
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Patent Publication (Kokai) No. 11-162031 and Japcinese 
Unexamined Patent Publication (Kokai) No. 2000-222783, 
usually the BCA is formed at the mirror part without 
grooves at the inner circumference of the disk. In this 
5 case, the disk discrimination information cannot be 
reproduced in the tracking ON state. 

In addition to the ad^ove problems, in a 
magneto -optical disk having a high recording density, 
when trying to reproduce inf oimation recorded in the main 

10 recording region and the disk discrimination information 
recorded in the sub recording region by differential 
detection under the same conditions, there is the problem 
that a good reproduction signal of the disk 
discrimination information cannot be obtained. 

15 If employing the MSR reproduction system in a 

magneto-optical disk, it becomes possible to greatly 
raise the recording density of the disk and thereby 
increase the recording capacity of the disk. The MSR 
reproduction system forms the recording layer by multiple 

20 magnetic layers and utilizes the temperature dependency 
of interchange magnetic coupling or static magnetic 
coupling between magnetic layers to makes the effective 
beam diameter smaller. 

According to the MSR reproduction system, 

25 marks of less than the optically focused beam diameter 



can be reproduced, so a high resolu'bion xs ob'baxned. Up 
until now, several types of MSR reproduction systems have 
been proposed (refer to for example Japanese Unexamined 
Patent Publication (Kokai) No. 6-290496) . Magneto-optical 
5 disks employing the MSR reproduction system have already 
been marketed. 

MSR is a phenomenon occurring due to the 
interchange magnetic coupling or the static magnetic 
coupling between the magnetic layers being cut above a 

10 certain temperature. Accordingly, when focusing a laser 
beam with a power resulting in the magnetic layers 
constituting the recording layer reaching more than a 
predetermined temperature, marks having a diameter less 
than the beam diameter can be reproduced. Such fine marks 

15 are used for recording information in for example the 
main recording region. 

On the other hand, the BCA for recording the 
disk discrimination information is much larger in 
comparison with the fine marks reproduced by the MSR 

20 reproduction system, so it can be sufficiently detected 
by differential detection not utilizing the MSR 
reproduction system. The disk discrimination information 
recorded by the stripe-shaped mark array is reproduced by 
providing two slice levels in the amplitude level of the 

25 reproduction signal and comparing the signals. 
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When 'there is little noise component in the 
reproduction signal, the difference between the two slice 
levels, that is, the reproduction amplitude margin, is 
sufficiently large, so good reproducing characteristics 
are obtained. However, when the mark array of the disk 
discrimination information is reproduced under conditions 
where the effect of the MSR appears, the noise of the 
reproduction signal becomes large and the reproduction 
amplitude margin is reduced. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
magneto -optical disk having a small-sized diameter and a 
large recording capacity and able to record and reproduce 
disk discrimination information. 

Another object of the present invention is to 
provide a recording method and a reproducing method of a 
magneto -optical disk able to record and reproduce a large 
amount of inforxoation by a disk having a small-sized 
diameter and able to record and reproduce disk 
discrimination information . 

Still another object of the present invention is to 
provide a recording apparatus and a reproducing apparatus 
of a magneto-optical disk able to record and reproduce a 
large amount of information by a disk having a small- 
sized diameter and able to record and reproduce disk 
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discrimination inf oxma1:ion . 

According to a first aspect of the present 
invention, there is provided a magneto-optical disk 
having a recording layer made of a magnetic film having 
5 magnetic anisotropy in a vertical direction to a film 
surface of a substrate on the substrate, wherein the 
recording layer comprises a main recording region for 
recording first information, a sub recording region 
formed on an inner circumference side from the main 

10 recording region and recording second information 

Including disk discrimination information, and a buffer 
region formed between the main recording region and the 
sub recording region and recording third information, 
wherein the second information is recorded in a form of a 

15 mark array formed in stripe shapes in the sub recording 
region and the buffer region, a plurality of marks 
constituting the mark array being parts changed in 
magnetization state of the recording layer, and wherein 
the third information can be reproduced by a modulation 

20 signal of a reflection ratio along a circumferential 
direction of the magneto-optical disk. 

The mark array is formed meandering along the 
circumferential direction of the disk. The size of the 
buffer region in the disk radial direction has at least 

25 the amplitude of the meandering. Preferably, the third 



Information includes control data indicating physical 
attributes of the magneto-optical disk and recorded by 
pits or wobbling grooves. Preferably, the recording layer 
is made of at least three magnetic layers having 
5 different Curie temperatures. 

Due to this, it is possible to effectively utilize 
the space in which the mark array recording the second 
information meanders to record and reproduce third 
information. Further, reproduction error of the second 

10 information due to meandering of the mark array is 

prevented. According to the magneto-optical disk of the 
present invention, a disk having a small-sized diameter 
can be increased in recording capacity. 

According to a second aspect of the present 

15 invention, there is provided a method and an apparatus 
for recording information in the magneto-optical disk. 

In the recording method of the magneto-optical disk 
and the recording apparatus of the magneto-optical disk 
of the present invention, provision is made of a step of 

20 (means for) forming a track having a reflection ratio 

changing along a circumferential direction of the disk in 
a buffer region provided on an inner circumference side 
of the main recording region and recording the third 
information and a step of (means for) forming a stripe- 

25 shaped mark array in a sub recording region provided on 
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'the Inner circumference side of the buffer region and 
recording the second information, wherein the step of 
(means for) recording the second information includes a 
step of (means for) rotating the magneto-optical disk and 
5 focusing pulse light on the magneto-optical disk in a 
tracking servo OFF state and a step of (means for) 
forming part of the meandering mark array in the buffer 
region and recording the second information in the buffer 
region overlapped with the third information. 

10 Due to this, it becomes possible to record first 

information with a large recording capacity in a disk 
having a small-sized diameter. Further, it becomes 
possible to record disk discrimination information which 
can be used for the purpose of copyright protection in a 

15 disk having a small-sized diameter. 

It is also possible to form the mark array by 
irreversibly eliminating or degrading magnetism in part 
of the recording layer or form it by inverting the 
magnetization in part of the recording layer initialized 

20 by uniform magnetization to magnetize it. While the 

second information is recorded in the tracking OFF state, 
in the main recording region, the tracking servo is 
applied for high density recording. Preferably, the third 
information is recorded by forming pits or wobbling 

25 grooves . 



According to a third aspect of the present 
invention, there is provided a method and apparatus for 
reproducing information on the magneto-optical disk. 
In the recording method and apparatus of the 
5 magneto -optical disk of the present invention, provision 
is made of a step of (means for) reproducing first 
information recorded in the main recording, region of the 
magneto -optical disk by focusing light having an 
intensity resulting in a temperature Tr of the recording 

10 layer becoming larger than Tc2 and a step of (means for) 
reproducing second information including disk 
discrimination information recorded in the svib recording 
region by focusing light having an intensity resulting in 
the temperature Tr of the recording layer becoming 

15 szaaller than Tc2, and the first information is reproduced 
by control based on the reproduced second information. 

Due to this, it becomes possible to reproduce first 
information recorded in the main recording region and 
second information recorded in the sub recording region 

20 and the buffer region under preferred conditions. 

Specifically, the first infonaation is reproduced by 
utilizing the MSR reproduction system. On the other hand, 
the second information is reproduced with a low noise by 
differential detection not utilizing the MSR reproduction 

25 system. Accordingly, good reproducing characteristics are 
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obtained. The reproduction of the first information is 
controlled and managed by the second information, so 
infringement of the copyright for the first inforxaation 
is prevented. Further, since the MSSR reproduction system 
is utilized for the reproduction of the first information, 
the recording density of the main recording region can be 
raised and the magneto-optical disk can be increased in 
recording capacity. 

According to a fourth aspect of the present 
invention, there is provided a method and apparatus for 
reproducing information from a magneto-optical disk 
recording third information including physical attributes 
of the magneto-optical disk comprising a step of (means 
for) reproducing the second information recorded by a 
stripe-shaped mark array formed at part of the buffer 
region provided on the inner circximf erence side of the 
main recording region and a sub recording region provided 
on the inner circumference side of the buffer region in a 
tracking servo OFF state and a step of (means for) 
reproducing the third information recorded in the buffer 
region by a modulation signal of a reflection ratio along 
a circumferential direction of the disk. 

In the reproducing method and apparatus of the 
magneto -optical disk of the present invention, preferably 
provision is further made of a step of (means for) 
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conteol according to the reproduced second Information to 
record or reproduce the first Information In the main 
recording region. Due to this, even In a disk having a 
small-sized diameter. It becomes possible to perform high 
5 density recording and record disk discrimination 

Information. Accordingly, Infringement of the copyright 
for the first Information due to Illegal action Is 
prevented . 

PrefercdDly, the step of (means for) reproducing the 
10 third Information Includes a step of (means for) 

reproducing the third Information recorded In the sub 
recording region overlapped on the second Information. 
Further, the step of (means for) recording or reproducing 
the first Information Is carried out In a tracking servo 
15 ON state. Due to this, the main recording region can be 

secured, and the magneto-optical disk can be Increased In 
recording capacity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
20 Invention will become clearer from the following 

description of the preferred embodiments given with 
reference to the accompanying drawings , In which : 

FIG. 1 Is a schematic view of a recording region of 
a magneto-optical disk of an embodiment of the present 
25 Invention ; 



FIG. 2 is a schema tic view enlarging a mark array 
for recording disk discrimina^tion informa'bion of ^bhe 
magne'to-op'bical disk of the embodiment of the present 
invention ; 

5 FIG. 3 is an enlarged view of the mark array for 

recording disk discrimination information of the magneto- 
optical disk of the embodiment of the present invention; 

FIG. 4 is a sectional view of an example of a 
magneto-optical disk of the embodiment of the present 
10 invention ; 

FIG. 5 is a schematic view of an apparatus for 
recording and/or reproducing disk discrimination 
information of a magneto-optical disk according to an 
embodiment of the present invention; 
15 FIG. 6 is a view of a laser power dependency of a 

reproduction signal of the magneto-optical disk according 
to an embodiment of the present invention; 

FIG. 7 is a schematic view of a mark array of disk 
discrimination information in a magneto-optical disk; 
20 FIG. 8 is a view of a problem occurring in a mark 

array for recording disk discrimination information; and 

FIG. 9 is a view of a problem occurring in a mark 
array for recording disk discrimination information. 
DESCRIPTION OF THE PREFEHBED EMBODIMENTS 
25 Below, preferred embodiments of the magneto -optical 



disk of the present invention and the method of recording 
and reproducing using it will be described with reference 
to the accompanying drawings . 

The magneto-optical disk of the present embodiment 
5 is a disk having a small-sized diameter suitable for 

portcible mobile electronic device applications. It has a 
transparent substrate having a diameter of 64 mm and a 
thickness of 1.2 mm in the same way as a MiniDisc (MD) . 
In the magneto-optical disk of the present 

10 embodiment, the magnetically induced super resolution 
(MSR) reproduction system enabling large capacity 
recording is employed. According to the magneto-optical 
disk of the present embodiment, recording and 
reproduction of a moving picture also become possible. 

15 The magneto-optical disk of the present embodiment can be 
used in a recording and reproducing apparatus having an 
optical system having a wavelength of 780 nm and a 
numerical aperture (NA) of 0.45. Compatibility with the 
conventional MiniDisc (compatibility with lower devices) 

20 can be izoparted to the recording and reproducing 

apparatus of a magneto-optical disk of the present 
embodiment . 

FIG. 1 is a schematic view of a recording region of 
a magneto-optical disk of the present embodiment. A 
25 magneto-optical disk 1 of the present embodiment has a 
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main recording region 2 , a sub recording region 3 formed 
on the inner circumference side of the main recording 
region 2, and a buffer region 4 provided between the main 
recording region 2 and the sub recording region 3. The 
5 main recording region 2, the sub recording region 3, and 
the buffer region 4 are formed in ring shapes. 

Below, an explanation will be given of these 
regions . In the main recording region 2 , the first 
information constituted by the user data is recorded and 

10 reproduced. The user data is information which can be 
recorded, reproduced, or erased by the user using the 
recording and reproducing apparatus of the magneto- 
optical disk 1 . The information recorded in the main 
recording region is reproduced by the differential 

15 detection method. 

A wobbling groove is formed in the track of the 
main recording region 2. The address information is 
recorded by the wobbling. The wobbling groove is a groove 
wobbling (meandering) with a predetermined frequency (for 

20 example 22.05 kHz) and a predetermined amplitude (for 

example 30 nm) by modulation by the address information. 

When reproducing the first information recorded in 
the track of the main recording region 2, a beam focused 
on the main recording region 2 from a laser (not 

25 illustrated) mounted on for example a pickup 21 of FIG. 5 

26 



±s diffracted by -the wobbling groove. This diffraction 
light is detected by a split photodiode arranged in for 
example the pickup 21 of FIG. 5 so as to be located 
symmetric with respect to the track center. 
5 As the split photodiode, use is made of for example 

a four-element split photodiode. When for example a 
tracking error (TE) focus error (FE) sum (RF) signal 
producing circuit 37 illustrated in FIG. 5 find the 
difference between a sum of detection signals of the two 

10 elements sandwiching the track and the sum of the 

detection signals of the other two elements, it can find 
a tracking error signal indicating the offset from the 
track. Namely, when the beam iis offset from the track 
center, a difference in intensity occurs in the light 

15 detected on the two sides of the track center and a 
tracking error signal is detected. 

A magneto-optical disk usually has an eccentricity 
of about ±tens of jum with respect to the axial center of 
rotation, therefore the tracking error signal becomes a 

20 sine wave signal. Utilizing the tracking error signal 
detected at the TE FE RF signal producing circuit 37 , 
tracking servo is applied in a radial direction (track 
direction) of the magneto-optical disk 1 by a coaxial 
actuator (not illustrated) mounted on the pickup 21 under 

25 the control of the system controller 25 illustrated in 
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FIG. 5. Due t:o this, the beam can be made to follow the 
track and reproduce the user data of the main recording 
region 2 . 

When applying tracking servo, a small sine wave 
5 shaped wobble signal appears on the tracking error signal. 
This wobble signal is also referred to as an address-in- 
pregroove (ADIP) signal . By decoding the AD IP signal in 
for example the system controller 25 of FIG. 5, the 
address information can be read. The frequency of wobble 
10 of the wobbling groove is sufficiently high in comparison 
with the band of the tracking servo, therefore the 
tracking servo does not track the wobble of the wobbling 
groove . 

In the sub recording region 3, the second 
15 information of the present invention constituted by the 
disk discrimination information is recorded and 
reproduced. The disk discrimination information is 
recorded as a stripe -shaped mark array in the STib 
recording region 3 . Note that the second information 
20 includes at least the disk discrimination information. 
Other information can be recorded in the stripe- shaped 
mark array too, but in the following explanation, the 
disk discrimination information will be defined as the 
second information. 
25 FIG. 1 shows the region for forming the mark array 



for recording tiie disk discrimination information (BCA 
(Burst Cutting Area) region 5) by hatching. The length of 
this mark array in the circumferential direction of the 
magneto -optical disk 1 is not particularly limited. 
5 The disk discrimination information is unique 

information for every magneto -optical disk 1. Its signal 
is reproduced by using the recording and reproducing 
apparatus (magneto-optical disk discrimination 
information recording apparatus 20) of the magneto-? 

10 optical disk 1 illustrated in FIG. 5. In principle, the 
user cannot record or copy the signal. The disk 
discrimination information can be used for protecting the 
copyright of the image, video, audio, computer program, 
etc. recorded on the disk. 

15 Even when video or other data is recorded in the 

main recording region 2 by illegal copying, it can be 
discriminated as being an illegal copy for example by the 
magneto -optical disk discrimination information recording 
apparatus 20 illustrated in FIG. 5 reproducing the disk 

20 discrimination information. By control using the disk 
discrimination information, reproduction of illegally 
copied data can also be prevented. The recording and 
reproduction of user data can be controlled or managed 
using the disk discrimination information according to a 

25 conventionally known method (refer to for example 



Japanese Unexamined Patent Publication (Kokai) No. 11- 
162031) . 

In the buffer region 4, control data indicating at 
least the physical attributes of the magneto-optical disk 
5 1 is recorded as third information. The disk 

discrimination information is mainly recorded in the sub 
recording region 3, but part is also recorded in the 
buffer region 4. Accordingly, in at least part of the 
buffer region 4, the second information and the third 

10 information are recorded overlapped. The disk 

discrimination information and the physical attribute 
recorded in the buffer region 4 can be independently 
reproduced. The physical attributes of the disk can also 
be recorded in the suh recording region 3 at a portion 

15 not overlapping the BCA region 5 of FIG. 1. 

The third information including the physical 
attributes of the disk is recorded and reproduced by 
using the change of the reflection ratio along the 
circumferential direction of the disk. Specifically, the 

20 pits or the wobbling groove are formed in the buffer 
region 4. For example, the magneto-optical disk 
discrimination information recording apparatus 20 
illustrated in FIG. 5 records and reproduces the third 
information utilizing the modulation signals of the 

25 reflection ratios . 



The disk discrimination information recorded in the 
buffer region 4 is reproduced by the differential 
detection method, so even if the disk discrimination 
information and the physical attributes are recorded 
5 overlapped, these signals do not interfere with each 
other. Further, since part of the disk discrimination 
information and the physical attributes can be recorded 
overlapped, the area of the main recording region 2 can 
be secured and the magneto -optical disk 1 can be 

10 increased in recording capacity. In FIG. 1, non-recording 
regions 6 are formed at the inner circumference side of 
the sub recording region 3 and the outer circumference 
side of the main recording region 2 . 

FIG. 2 is a schematic view enlarging part of FIG. 1 

15 and shows the circumferential direction of the magneto- 
optical disk 1 (disk rotation direction) on a straight 
line perpendicular to the disk radial direction. The 
upper side of FIG. 2 corresponds to the outer 
circumference side of the disk of FIG. 1. In FIG. 2, the 

20 band-like region between the straight line a and the 

straight line b is the sub recording region 3. Further, 
the mark array of the BCA is formed in the BCA region 5 
between the curve c and the curve d. In the BCA region 5, 
a plurality of marks are formed in stripe shapes . The 

25 portion above than the straight line e is the main 



recording region 2 . 

The mark array of 1:he BCA is formed by for example 
rotating the magneto-optical disk 1 by a spindle motor 31 
illustrated in FIG. 5 and focusing a pulse-like laser 
5 becUQ on the disk from a laser mounted on the pickup 21 in 
the tracking servo ON state in the system controller 25 . 
Accordingly, the focus servo can be made to track surface 
wobbling of the magneto-optical disk 1 with respect to 
the reference horizontal surface accompanying rotation of 

10 the magneto-optical disk 1 , by the focus control of the 

system controller 25. Since tracking servo is not applied, 
however, the beam position is offset in the radial 
(track) direction of the magneto-optical disk 1. In 
actuality, the mark array of the BCA is formed by 

15 wobbling (meandering) due to the eccentricity of the 

magneto -optical disk 1 itself and the fixing precision of 
the fixing jig of the magneto-optical disk 1. 

The size of the buffer region 4 in the radial 
direction of the magneto-optical disk 1 is made larger 

20 than at least the cuaplitude of such meandering (wobbling) . 
According to the magneto -optical disk 1 of the first 
embodiment, as shown in FIG. 2, even if the mark array of 
the BCA region 5 meanders , no non-recording portion of 
the disk discrimination information will be formed at the 

25 sub recording region 3. Accordingly, the reproduction of 



the disk discrimination information is guaranteed at the 
sub recording region 3 . 

In the magneto-optical disk 1 of the first 
embodiment, for example, the main recording region 2 is 
5 formed at a portion having a radius of 16.0 mm or more. 
The buffer region 4 has a size of 0 . 3 mm or more in the 
radial direction of the magneto-optical disk 1 and is 
formed in a range of radius of for example 15.7 to 16.0 
mm. The sub recording region 3 is formed in a range of 

10 for example a radius of 14.5 to 15.7 mm. 

In a DVD, the position of the BCA is standardized 
to a radius of 22.3 to 23.5 mm, but on the magneto- 
optical disk 1 of the present embodiment, this position 
is utilized as the main recording region 2 , and the disk 

15 discrimination information is recorded on the inner 
circumference side . 

FX6. 3 is an enlarged view of the stripe-shaped 
mark array of the BCA . As shovm in FIG . 3 , when viewed 
closely, each mark 7 is formed of a plurality of mark 

20 elements 8 having shapes substantially determined by for 
example the beam spot of the laser mounted on the pickup 
21 of FIG. 5 and linked in at least the radial direction 
of the magneto-optical disk 1 . Depending on the width of 
a mark 7 in the circumferential direction of the magneto- 

25 optical disk 1, the mark 7 is also formed by a plurality 
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of mark elements 8 arranged In the circvimferential 
direction of the magneto-optical disk 1 . 

When forming the mark array of the BCA, for example, 
the magneto-optical disk 1 attached to the spindle motor 
5 31 illustrated in FIG. 5 is rotated by the spindle motor 
31 and a laser beam is focused from the pickup 21 to one 
point on the magneto-optical disk 1. At this time, the 
pulse-like beam modulated by a modulation signal based on 
the disk discrimination information is focused on the 
10 magneto -optical disk 1. Due to this, a plurality of mark 
elements are formed side by side in a row along the 
circumferential direction of the magneto-optical disk 1 . 
This will be referred to as a row of the mark element 
array . 

15 While the magneto-optical disk 1 is being rotated 

one turn by the spindle motor 31, the magneto-optical 
disk 1 and the pickup 21 are relatively moved in the 
radial direction (track) direction of the magneto-optical 
disk 1. When further rotating the magneto-optical disk 1, 

20 the pulse-like beam is focused at positions of the 
magneto -optical disk 1 different in radial (track) 
position. Due to this, a new mark element array is formed 
substantially concentrically with the already formed row 
of the mark element array. By forming a plurality of mark 

25 elements while moving the focused position of the beam 



spirally witii respect -bo the center of rotation of the 
magneto -optical disk 1 In this way, a stripe-shaped mark 
array Is formed on the magneto-optical disk 1 . 

FIG. 4 Is a cross-sectional view of the main layers 
5 constituting the magneto-optical disk 1 of the present 
ezcibodlment. As shown In FIG. 4, the disk Is comprised of 
a substrate 11 made of polycarbonate etc. over which a 
first dielectric layer 12 Is formed and over which In 
turn a magneto -optical recording layer 13. The magneto- 

10 optical recording layer 13 has successively stacked above 
It a second dielectric layer 14, a thermal diffusion 
layer 15, and a protection film 16. 

When recording and reproducing user data at the 
main recording region of the magneto -optical disk 1 shown 

15 In FIG. 4, for example the pickup 21 Illustrated In FIG. 
5 Is arranged at the substrate 11 side and for example 
the magnetic head 26 Illustrated In FIG. 5 Is arranged at 
the protection film 16 side. The laser beam from the 
laser mounted on the pickup 21 Is focused the substrate 

20 11 side., and the rotation angle of the polarization plane 
of the returned light from the magneto -optical disk 1 Is 
detected by using the pickup 21. In the MSR reproduction 
system, the magneto-optical recording layer 13 Is locally 
heated by the laser beam and further an external magnetic 

25 field Is applied by the magnetic head 26 according to 



need so as to reproduce a recording mark szoaller "bhan the 
beam spot. 

In a magneto-optical disk to which the MSR 
reproduction system is applied, the magneto -optical 
5 recording layer 13 includes at least three magneto- 
optical recording layers . The three magnetic layers 
forming the magneto-optical recording layer 13 shown in 
FIG. 4 will be referred to as a first magnetic layer 13a, 
a second magnetic layer 13b, and a third magnetic layer 
10 13c from the substrate 11 side. 

When the Curie temperature of the first magnetic 
layer 13a is Tel (°C) , the Curie temperature of the 
second magnetic layer 13b is Tc2 C C) , and the Curie 
temperature of the third magnetic layer 13c is Tc3 C C) , 
15 among these Curie temperatures, the Curie temperature Tc2 
C C) of the second magnetic layer 13b is the lowest. 
Namely, either of the following equation (1) or (2) 
stands . . 

Tel > Tc3 > Tc2 - (1) 
20 Tc3 > Tel > Tc2 (2) 

As an example of the MSR reproduction system, the 
domain wall displacement detection (DWDD) system (refer 
to for example Japanese Unexamined Patent Publication 
(Kokai) No. 6-290496) can be mentioned. In the DWDD 
25 system, a doxnain transferred from the third magnetic 



layer (recording layer) 13c via the second magnetic layer 
(intermediate layer) 13b to the first magnetic layer 
(domain wall displacement layer) 13a is displaced in the 
laser spot by utilizing a temperature gradient produced 
5 by the laser beam. By this, the domain is magnified and 
the information is reproduced. 

As another MSR system, the magnetic domain 
expansion and reproduction system can be mentioned. 
According to the magnetic domain expansion and 

10 reproduction system, a mark existing in the third 

magnetic layer (recording layer) 13c is expanded to a 
size giving a sufficient S/N ratio at the first magnetic 
layer (expansion layer) 13a at the time of the 
reproduction by for example the power of the external 

15 magnetic field from the magnetic head 26. The magneto- 
optical disk of the present embodiment may also be one 
enploying an MSR system such as the double -mask rear 
aperture (D-RAD) system in addition to the above system. 
The type of the MSR reproduction system is not 

20 particularly limited. 

The first dielectric layer 12 shown in FIG. 4 
improves the optical efficiency of the magneto-optical 
disk 1. Further, it suppresses diffusion of moisture from 
the substrate 11 to the magneto -optical recording layer 

25 13 and thereby prevents deterioration of the quality of 
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the magneto-optical recording layer 13 . As the first 
dielectric layer 12 , use is made of for example a silicon 
nitride film (SiN film) . 

As the first magnetic layer 13a of the magneto- 
5 optical recording layer 13, use is made of a layer of for 
example GdFeCo or GdFe. As the second magnetic layer 13b, 
use is made of a layer of for example TbFe, TbFeAl, 
TbFeCoAl, TbFeSi, or TbFeCoSi. As the third magnetic 
layer 13c, use is made of a layer of for example TbFeCo 

10 or DyFeCo. 

The second dielectric layer 14 suppresses the 
diffusion of heat due to the light striking the magneto- 
optical disk 1 to dLmprove the recording and reproducing 
characteristics. As the second dielectric layer 14, use 

15 is made of for example an SiN film. The thermal diffusion 
layer 15 reflects the laser beam and diffuses the heat 
generated by the laser beam. As the thermal diffusion 
layer 15, use is made of for example an Al alloy layer. 
The protection film 16 protects the magneto-optical disk 

20 from for example damage or wear due to collision or 

contact with the magnetic head 26. As the protection film 
16, use is made of for example a layer of a UV curable 
resin . 

For example, when recording the disk discrimination 
25 information on the above magneto-optical disk by using 



the magneto-optical disk discrimination information 
recording apparatus 20 illustrated in FIG. 5, the 
magneto-optical recording layer 13 is magnetized in one 
direction in advance. The magneto-optical disk 1 is then 
5 attached to the spindle motor 31 of the magneto-optical 
disk discrimination information recording apparatus 20, 
and the magneto-optical disk 1 is rotated. The system 
controller 25 applies focus servo control to control the 
magnetic head 26 to apply a magnetic field in an inverse 

10 direction to the magnetization direction to the magneto- 
optical disk 1 and focuses a laser beam modulated by the 
modulation signal from the signal generator 23 and 
controlled in power by the laser power control circuit 24. 
This modulation signal is made a signal corresponding to 

15 the disk discrimination information to be recorded on the 
magneto -optical disk 1. Due to this, the disk 
discrimination information is recorded as a stripe-shaped 
mark array formed by a plurality of marks long in the 
radial direction of the magneto-optical disk 1 . 

20 For example, by using the magneto-optical disk 

discrimination information recording apparatus 20 
illustrated in FIG. 5, the length of the marks for 
recording the disk discrimination information in the 
circumferential direction of the magneto -optical disk 1 

25 is much longer than the length of the marks for recording 
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the information in the main recording region in the 
circumferential direction of the magneto-optical disk 1 
or is about 3 to 9 iim. Further, the length of the marks 
for recording the disk discrimination information in the 
5 radial direction of the magneto-optical disk 1 is about 
1.5 mm . 

The usual recording systems of magneto-optical 
disks include magnetic field modulation systems and an 
optical modulation systems . The magnetic field modulation 

10 system sets the laser power so that the recording layer 
(third magnetic layer 13c of FIG. 14) reaches a 
temperature near the Curie temperature Tc3 and applies a 
macrnetic field modulated according to the information to 
be recorded to record a mark. 

15 On the other hand, the optical modulation system 

initializes the recording layer so that it becomes 
uniform in magnetization direction, then applies a 
magnetic field in the inverse direction to the 
initialization and focuses a modulated laser beam on the 

20 layer. At this time, it focuses a laser beam modulated 

according to the information to be recorded on the layer 
to record a mark. 

In the magneto-optical disk 1 of the present 
embodiment, information is recorded on the main recording 

25 region 2 shown in FIG. 1 according to the magnetic field 
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modulation system. In the case of the magnetic field 
modulation system, over writing is possible in real time. 
Contrary to this , since the disk discrimination 
information is not rewritten by the user, it is not 
5 necessary to record the information in real time. 

Further, it is also not necessary to record the 
disk discrimination information by the recording and 
reproducing apparatus of the magneto-optical disk used 
for the recording the information in the main recording 

10 region. Therefore, the disk discrimination information is 
recorded by using an apparatus able to f ocuse on the disk 
a laser beam having a larger beam spot size and larger 
power than the recording and reproducing apparatus of the 
magneto -optical disk . 

15 Below, am explanation will be given of the method 

of recording the disk discrimination information by the 
optical modulation system. FIG. 5 is a schematic view of 
the magneto-optical disk discrimination information 
recording apparatus 20. 

20 The magneto-optical disk discrimination information 

recording apparatus 20 focuses a laser beam LB on the 
magneto -optical disk 1 from a not illustrated laser in 
the pickup 21. The laser beam LB is focused by the 
objective lens 22 to the magneto-optical disk 1. The beam 

25 spot on the magneto-optical disk 1 is shaped as an oval 



long in "the radial direction of the magneto-optical disk 
1 and extends over a plurality of tracks . 

The pickup 21 is provided with not illustrated 
laser, beam splitter, split photodiode, and optical 
5 element. The light from the laser is made to strike the 
objective lens 22 via the becun splitter, focused at the 
objective lens 22, and focused on the magneto-optical 
disk 1 . The returned light from the magneto-optical disk 
1 is made to strike the split photodiode via the beam 

10 splitter and the optical element. Based on signals from 
the split photodiode, the TE FE RF signal producing 
circuit 37 generates the tracking error signal, the focus 
error signal , and the sum signal . Focus servo control is 
applied by the system controller 25 using the focus error 

15 signal. Namely, it controls the distance between the 

pickup 21 and the recording layer of the magneto -optical 
disk 1 for an exact focus . 

The emission of the laser beam LB from the pickup 
21 is controlled by controlling the power applied to the 

20 not illustrated laser by the system controller 25 via the 
signal generator 23 and the laser power control circuit 
24. The signal generator 23 generates a signal for 
modulating the laser power based on the disk 
discrimination information to be recorded on the magneto- 

25 optical disk 1. The laser power control circuit 24 



xnodula'bes the power of the laser of the pickup 21. 

The magnetic head 26 applies an external magnetic 
field to the magneto-optical disk 1. The magnetic head 26 
is arranged so as to face the pickup 21 and the objective 
5 lens 22 via the magneto-optical disk 1 . The magnetic head 
26 is controlled via the current drive circuit 27 by the 
system controller 25 . The orientation of the magnetic 
field applied from the magnetic head 26 to the magneto- 
optical disk 1 is controlled by the current drive circuit 

10 27 under the control of the system controller 25. 

The spindle motor 31 rotates the magneto-optical 
disk 1 in accordance with an instruction of the system 
controller 25. The position of the magneto-optical disk 1 
with respect to the center of rotation of the spindle 

15 motor 31 is monitored by a position sensor 32 . A sled 
motor 33 moves the magneto -optical disk 1 in the disk 
radial (track) direction of the magneto-optical disk 1. 
Note that, in the magneto-optical disk discrimination 
information recording apparatus 20, it is sufficient that 

20 the magneto-optical disk 1 and the magnetic head 26 can 
relatively move in the radial direction of the magneto- 
optical disk 1. A configuration for moving the pickup 21 
and the magnetic head 26 in the radial direction of the 
magneto -optical disk 1 can also be employed. 

25 Note that the pickup 21 and the magnetic head 26 
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face each other across the magneto-optical disk 1 and are 
mechanically connected. When the pickup 21 Is moved In 
the track direction by the sled motor 33, the magnetic 
head 26 simultaneously moves. 
5 By focusing the modulated laser beam on the 

magneto -optical disk 1 while rotating the magneto-optical 
disk 1 by the spindle motor 31, one row of the mark 
element array Is formed substantially concentrically with 
the center of rotation of the magneto-optical disk 1 . 

10 While the magneto-optical disk 1 Is rotating by one turn, 
the' magneto -optical disk 1 Is moved In the radial 
direction by the sled motor 33 while detecting the 
position of the magneto -optical disk 1 by the position 
sensor 32. Alternatively, the pickup 21 and the magnetic 

15 head 26 are moved In the radial direction of the magneto- 
optical disk 1. When the magneto -optical disk 1 Is 
rotated by the spindle motor 31 and the modulated laser 
beam Is focused on the magneto -optical disk 1, another 
row of the mark element array Is further formed at a 

20 different radial position of the magneto-optical disk 1 . 
By sequentially forming the mark elements 
constituting the marks In the magneto-optical disk 1 
spirally In this way, a stripe-shaped mark array Is 
formed In the sub recording region 3 and the buffer 

25 region 4 of FIG. 1. The pitch of movement of the magneto- 



optical disk 1 (or the magnetic head 26) in the disk 
radial direction by the sled motor 33 is made smaller 
than the size of the mark elements on the magneto-optical 
disk 1. 

5 By this, a plurality of mark elements are linked in 

the radial direction of the magneto-optical disk 1 to 
form individual marks constituting the mark array. 
Accordingly, even if several tracks* worth of error 
occurs in the radial direction of the magneto -optical 

10 disk 1 at the reading position when reproducing the disk 
discrimination information in the tracking OFF state, the 
disk discrimination information can be reproduced. 

When recording the disk discrimination information 
on the magneto -optical disk 1 by using the magneto- 

15 optical disk discrimination information recording 

apparatus 20 illustrated in FIG. 5 as described above, 
for example, by raising the laser power up to a power 
degrading the magnetism of the recording layer of the 
magneto -optical disk 1, it is also possible to form 

20 irreversible marks. Namely, it is known that when the 
temperature of the recording layer is raised to a 
temperature further higher than the Curie temperature, 
the magnetism disappears or is degraded and magnetic 
recording becomes inipossible (refer to Japanese Patent No. 

25 2771462) . Accordingly, when reducing the magnetism of the 



recording layer of "the magne1:o-opt;±cal disk 1 to such a 
state. It becomes no longer possible to form marks again. 

In this case. If applying a uniform magnetic field 
to the magneto -optical disk 1 by for example the magnetic 
5 head 26 after forming the mark, the portions other than 
the marks will be magnetized In a uniform direction. 
Accordingly, It Is possible to eliminate transition 
regions of magnetization near the marks and obtain a 
rectangular pulse-like signal having a small noise when 

10 reproducing the disk discrimination Information from the 
magneto -optical disk 1. When forming the mark array by 
eliminating or degrading the magnetism of the recording 
layer. It Is not necessary to Initialize the recording 
layer to give a uniform magnetization direction before 

15 forming the marks . 

When eliminating or degrading the magnetism of the 
recording layer to form the marks and then uniformly 
magnetizing portions other than the marks, the signal 
amplitude of the marks becomes In principle half that In 

20 comparison with the case of Inverting the magnetization 
of a pre-lnltlallzed recording layer to form the marks . 
When Inverting the magnetization of a pre-lnltlallzed 
recording layer, the orientation of zaagnetlzatlon becomes 
reverse between the marks and the portions other than 

25 this. Accordingly, the electro-optic Kerr rotation angle 



at the marks and the electro-optic Kerr rotation angle at 
the portions other than the marks become inverse in phase. 
Accordingly, the difference of these Kerr rotation angles, 
that is, the signal amplitude, can be made large. 
5 On the other hand, when eliminating the magnetism 

at the mark portions, the Kerr rotation angle of the mark 
portions becomes 0 degree in principle. Accordingly, the 
signal amplitude detected by the differential detection 
method depends upon the Kerr rotation angle at the 

10 magnetized portions other than the marks and therefore 
becomes half of that of the case of reversing the 
magnetization between the mark portions and the portions 
other than the marks . 

Further, when degrading the magnetism of the mark 

15 portions, while the Kerr rotation angle of the mark 

portions does not become 0 degree, it becomes a small 
value near 0 degree. Accordingly, the signal amplitude by 
the differential detection method becomes about half of 
that of reversing the magnetization between the mark 

20 portions and the portions other than that. Note that even 
when the signal amplitude becomes small in this way, 
since the portions other than the marks are uniformly 
magnetized, the noise coxoponent is suppressed. 
Accordingly, a good signal can be reproduced. 

25 It is also possible to magnetize the mark portions 



a a direction vertical to the film surface of the 
magnetic layer by using for example the magnetic head 26 
instead of eliminating or degrading the magnetism of the 
mark portions . By focusing a high power laser beam from 
5 the pickup 21 and applying a magnetic field from the 

magnetic head 26 at portions where the magnetism is not 
eliminated or degraded, the disk discrimination 
information may be tampered with. Accordingly, one should 
select whether to eliminate or degrade the magnetism of 

10 the mark portions or to eliminate or degrade the 
magnetism of the portions other than the marks in 
accordance with for example the length of the stripe- 
shaped mark array in the circumferential direction of the 
magneto -optical disk 1 (refer to L of FIG. 7) , the 

15 lengths of the individual marks in the circumferential 

direction of the disk, and the mark intervals. Note that 
it is also possible to record the disk discrimination 
information by the magnetic field modulation system. 

Next, an explanation will be given of the method of 

20 reproduction of the disk discrimination information in 
comparison with the method of reproduction of the 
information recorded in the main recording region. In the 
magneto -optical disk 1 of the present embodiment, the 
disk discrimination information recorded in the sub 

25 recording region 3 and the buffer region 4 and the 
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Information recorded ±n the main recording region 2 can 
be reproduced by the same recording and reproducing 
apparatus . 

When reproducing the disk discrimination 
5 information from the magneto-optical disk 1 of the 

present embodiment employing the MSR reproduction system, 
desirably the laser beam is focused with a power by which 
the temperature T2 of the second magnetic layer 13b does 
not become higher than the Curie temperature Tc2 of the 
10 second magnetic layer 13b (the power with which T2 < Tc2 
stands) . 

When the laser beam is focused with a power where 
T2 ^ Tc2 stands, the magneto-optical recording layer 13 
enters a transitional state of magnetic domain expansion 

15 *and reproduction. Due to this, noise appears in the 
reproduction signal of the disk discrimination 
information. In order to suppress this noise, desirably 
the laser power is set so that T2 < Tc2 stands. 

On the other hand, when reproducing infoirmation 

20 recorded on the main recording region 2 , the laser beam 
is focused with a power by which the temperature T2 of 
the second magnetic layer 13b becomes higher than the 
Curie temperature Tc2 of the second magnetic layer 13b (a 
ppwer with which T2 ^ Tc2 stands) . Where T2 < Tc2 stands, 

25 the orientation of the magnetization of the second 



magnetic layer 13b does not change, and no increase o£ a 
carrier level due to the magnetic domain expansion is 
seen. 

FIG. 6 shows a laser power dependency o£ the 
5 reproduction signal. In FIG. 6, the curve a indicates the 
laser power dependency of the xaarks for recording the 
disk discrimination information, and the curve b 
indicates the laser power dependency of the marks for 
recording information in the main recording region. The 

10 marks of the curve a have a length of 3 iim in the 

circumferential direction of the disk. The marks of the 
. curve a are portions in which the magnetization is 
inverted with respect to the portions other than the 
marks. Namely, the recording layer is uniformly 

15 magnetized for initialization, then the magnetization is 
inverted at only the mark portions to form the marks. On 
the other hand, the marks of the curve b are marks of a 
length of 0.2 |zm in the circumferential direction of the 
magneto -optical disk 1 and are reversibly recorded by the 

20 recording and reproducing apparatus of the magneto- 
optical disk, for exaunple, the magneto-optical disk 
discrimination information recording apparatus 20 
illustrated in FIG . 5 . 

As shown in FIG. 6, with the marks a of 3 jum, a 

25 high C/N ratio is obtained with a low laser power of 



aboul; 1.4 mW or less, but when the laser power exceeds 
about 1.4 mW, the C/N ratio is gradually lowered. For the 
marks b of 0.2 iim, the signal of the information cannot 
' be reproduced when the laser power is about 1.2 mW or 
5 less, but when the laser power is raised, the C/N ratio 
abruptly increases at about 1.4 mW. When the laser power 
becomes about 1.7 mW or more, the C/N ratio becomes 
almost constant. 

In this example, since the C/N ratio of the marks b 
10 of 0.2 ixm increases near 1.4 mW, it is considered that 
the second magnetic layer 13b reaches the Curie 
temperature Tc2 with the laser power of about 1.4 mW. Due 
to the second magnetic layer 13b reaching the Curie 
temperature Tc2 , the effect of MSR appears , and the marks 

15 b of 0.2 jLtm are reproduced. 

According to the magneto -optical disk of the above 
embodiment of the present invention, by effectively 
utilizing the space other than the main recording region, 
the area of the main recording region can be secured in a 

20 magneto-optical disk having the small-sized diameter. 

Accordingly, by a combination with the MSR reproduction 
system, an increase of the recording capacity can be 
realized even in a magneto -optical disk having a small- 
sized diameter. 

25 Preferably, the mark array is formed meandering 



along, "bhe circumferen'blal direcbion of the disk, and the 
size of the buffer region in the disk radial direction 
has at least the amplitude of the meandering. Further, 
preferably, the third information includes control data 
5 indicating physical attributes of the magneto-optical 

disk and recorded by pits or the wobbling groove. Further, 
preferably, the recording layer is constituted by at 
least three magnetic layers having different Curie 
temperatures . Due to this , the third information can be 

10 recorded and reproduced by effectively utilizing the 

space in which the mark array for recording the second 
information meanders^ Further, the reproduction error of 
the second information due to the meandering of the mark 
array is prevented. Namely, according to the magneto- 

15 optical disk of the present invention, a magneto-optical 
disk having a small-sized diameter can be increased in 
recording capacity. 

Further , according to the recording method and 
reproducing method and the recording and/or reproducing 

20 apparatus of the magneto -optical disk of the embodiment 
of the present invention using for example the magneto- 
optical disk discrimination information recording 
apparatus 20 illustrated in FIG. 5, it becomes possible 
to record and reproduce a magneto-optical disk having a 

25 small-sized diameter with a high recording density. 



Namely, by providing a step of (means for) forming 
a track having a reflection ratio changing along a 
circximferential direction of the disk in a buffer region 
provided on an inner circumference side of the main 
5 recording region and recording the third information and 
a step of (means for) forming a stripe-shaped mark array 
in a sub recording region provided on the inner 
circumference side of the buffer region and recording the 
second information, wherein the step of (means for) 

10 recording the second information includes a step of 
(means for) rotating the magneto-optical disk and 
focusing pulse light on the magneto -optical disk in a 
tracking servo OFF state and a step of (means for) 
forming part of the meandering mark array in the buffer 

15 region suid recording the second information in the buffer 
region overlapped with the third information, it becomes 
possible to record first information with a large 
recording capacity in a disk having a sioall-sized 
diameter. Further, it becomes possible to record disk 

20 discrimination information which can be used for the 

purpose of copyright protection in a disk having a small- 
sized diameter. 

It is also possible to form the mark array by 
irreversibly eliminating or degrading magnetism in part 

25 of the recording layer or form it by inverting the 
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magne'blza'bion in pari: of t:he recordxng layer Inl'bialized 
by unxform znagne'tlza'bion bo magne'blze ±t,. While the 
second information is recorded in the tracking OFF state, 
in the main recording region, the tracking servo is 
5 applied for high density recording. Preferably, the third 
information is recorded by forming pits or wobbling 
grooves . 

Further, by providing a step of (means for) 
reproducing first information recorded in the main 

10 recording region of the magneto-optical disk by focusing 
light having an intensity resulting in a temperature Tr 
of the recording layer becoming larger than Tc2 and a 
step of (means for) reproducing second information 
including disk discrimination information recorded in the 

15 sub recording region by focusing light having an 
intensity resulting in the temperature Tr of the 
recording layer becoming smaller than Tc2 and by 
reproducing the first information by control based on the 
reproduced second information, it becomes possible to 

20 reproduce first information recorded in the main 

recording region and second inforxaation recorded in the 
soxb recording region and the buffer region under 
preferred conditions. Specifically, the first information 
is reproduced by utilizing the MSR reproduction system. 

25 On the other hand, the second information is reproduced 



with a low noise by differential detection not utilizing 
the MSR reproduction system. Accordingly, good 
reproducing characteristics are obtained. The 
reproduction of the first information is controlled and 
5 managed by the second information , so infringement of the 
copyright for the first information is prevented. Further, 
since the MSR reproduction system is utilized for the 
reproduction of the first information, the recording 
density of the main recording region can be raised and 
10 the magneto-optical disk can be increased in recording 
capacity . 

Further, when the magneto -optical disk is recorded 
with third information including physical attributes of 
the magneto-optical disk, the second information recorded 

15 by a stripe -shaped mark array formed at part of the 

buffer region provided on the inner circumference side of 
the main recording region and a sub recording region 
provided on the inner circumference side of the buffer 
region is reproduced in a tracking servo OFF state and 

20 the third information recorded in the buffer region is 
reproduced by a modulation signal of a reflection ratio 
along a circumferential direction of the disk. 

Preferably, the reproduced second information is 
used for control for the recording or reproduction of the 

25 first information in the main recording region. 



Due t:o "this, x'b becomes possible "bo perform 'the 
h±gh density recording and record disk dlscrlmlna'blon 
Information even In a magneto-op-blcal disk having a 
small-sized diameter. Accordingly, Infringement of the 
5 copyright for the first Information by Illegal actions Is 
prevented . 

In this way, according to the recording method and 
reproduction method and the recording apparatus and the 
reproduction apparatus of the magneto-optical disk of the 

10 present Invention, It becomes possible to record and 
reproduce a large amount of Information by a magneto- 
optical disk having a small- sized diameter and to prevent 
Illegal copying etc. by the utilization of the disk 
discrimination Information. 

15 The embodiments of the magneto-optical disk of the 

present Invention and the recording and/or reproducing 
method and recording and/or reproducing apparatus of the 
same are not limited to the above explanation. For 
example, the size of the magneto-optical disk and the 

20 design etc. of the optical system used for the recording 
and reproduction can be appropriately changed. Further, 
the configuration of the magnetic layer can be 
appropriately changed In accordance with the MSR 
reproduction system etc. employed. Other than this, 

25 various modifications are possible within a range not out 



of the gist of the present invention. 
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